Abstract -A dual-hop decode-and-forward (DF) interleave-division multiple access (IDMA) system using best relay selection method in independent Weibull fading channels is addressed. An expression for cumulative distribution function (CDF) is derived by using approximate probability density function (PDF) of end-to-end signal to noise ratio (SNR). Then, the proposed CDF expression is employed to evaluate the outage probability of the considered network. The simulation results are demonstrated to verify the analytical results obtained by using the derived expression, especially at the values of medium and high SNR and to provide further insights.
Introduction
The best relay selection technique in two-hop and cooperative communication systems is useful for increasing performance and transmission coverage of wireless communication systems. The basic idea behind the best relay selection strategy is to provide similar diversity order compared to the cooperative system and a very simple physical layer to traditional cooperative networks [1] . There are two traditional main relaying protocols such as amplify-and-forward (AF) and decode-and-forward (DF) [2] - [5] . By utilizing advantages of the best relay selection, the performance of cooperative networks were investigated in [6] - [8] for Rayleigh environments and in [9] and [10] for Nakagami-m links. In [6] and [7] , the error performance and outage probability of adaptive DF in the cooperative diversity systems using the best relay selection method were proposed in independent non-identical Rayleigh links, respectively. These studies presented a analytical model to analyse the error performance and the closed-form expression for the outage probability. The authors in [8] examined the AF and DF cooperative networks using th best relay selection technique for Raylegih links. They derived closed-form expressions for the error probability and outage probability in their study. In [9] , the error performance of opportunistic DF relaying over Nakagami-m fading channels was investigated and the moment generating function (MGF) expression by using Lauricella hypergeometric function for their scheme was obtained. In another work in [10] , the authors presented the outage probability of a two-way relaying with AF protocol using relay selection in Nakagami-m links and derived a closed-form approximation. They concluded that the coding gain and outage performance of the considered system can easily evaluated by employing the derived outage probability expression.
Some important publications have focused on the two-hop DF/AF relaying networks using best relay selection [11] [12] [13] . The closed-form expressions for the cumulative distribution function (CDF) and the probability density function (PDF) of the total instantaneous signal to noise ratio (SNR) of two-hop systems with AF protocol using relay selection were studied in [11] . In [12] , a multiple-input multiple-output (MIMO) system with two-hop relay selection protocol is considered. They investigated the outage probability of the considered system, asymptotic and exact outage expressions are also proposed. The optimum combining performance of AF relaying networks is analysed employing an approximation at the destination [13] . However, all the studies in [6] [7] [8] [9] [10] [11] [12] [13] are based on the cooperative or dual-hop transmission without multi-user communication systems.
To promote transmission performance in multi-user communication systems, interleave-division multiple access (IDMA) systems was introduced by employing low-complexity receiver technique [14] . The IDMA system employed chip-interleaving process for user separation at the receiver side [14] [15] [16] [17] . The authors in [14] [15] [16] [17] aimed to improve the performance of the considered system in terms of system capacity or bit error rate with low complexity detection algorithm by using different interleaver codes and channel codes. The cooperative and dual-hop IDMA scheme was proposed in [18] [19] [20] . In [18] , a cooperative transmission system based on IDMA with DF and AF protocols for Rayleigh links was analysed. In [19] , the authors focused on the partner selection strategies and outage probability expression in cooperative IDMA system in cellular network for superposition modulation. Bilim et al. developed a dual-hop IDMA system without the best relay selection over Weibull fading environments [20] . In [18] [19] [20] , the authors examined the performance of the considered systems based on simulation and did not provide analytical expressions such as exact or approximated solutions. In this paper, a closed-form approximated CDF expression of a dual-hop DF IDMA system by using minimum mean square error (MMSE) detector is derived. The best relay selection method in dual-hop DF IDMA system is adopted for reducing the complexity of the system and the impact of best relay selection method on the outage performance of the dual-hop DF IDMA system is presented. To the best of the authors' knowledge, the proposed expression is the first approximated expression for a dual-hop DF IDMA network using best relay selection strategy in the literature that are based on the total SNR at the destination. Simulation results are verified the accuracy of the proposed analytical expression in the medium and high SNR region.
System and Channel Model
As shown in Fig. 1 , we take into account a dual-hop relaying system based on DF IDMA system over Weibull links. We assume that there are K cooperating users in the considered system and each user is willing to cooperate the other users by using DF protocol. In addition, each user is equipped with one antenna. The channel coefficients between source-relays or relays-destination are flat Weibull fading. 
Received signal models at relays and destination
Signal transmission is operated in two time slots. Source information is transmitted to relays in the first time slot. Note that the source information is not sent to the destination due to considering dual-hop transmission model. Thus, the received signal at the nth relay node is expressed by
where J is the frame length of the user k, T is the bit period, s  is the transmission delay. The best relay forwards the source signal decoded source symbol to destination node by employing IDMA transmitter procedure. The total signal at the destination can be given as   k xj is the decoded source symbol of user k at relay nodes.
Weibull fading model
The PDF of instantaneous SNR, ij  , can be given according to Weibull distribution as 
Outage Probability of Dual-Hop DF IDMA System with Best Relay Selection
In this section, the outage probability of the considered system for Weibull channels is presented. For the outage probability, we have to present mutual information ( 
From (4) and (5) 
To find a closed-form outage probability expression of DF IDMA with best relay selection, we have to solve the outage probability expression in (7) . However, the expression in (7) 
 
Pr is off n r is the probability that the channel through 
Eq. (11) 
The integral in (13) is not analytically tractable due to the exponential term in second part of the integral depend on integral variable. Therefore, we simplify the computation of the integral in (13) by using the approximated PDF in [23, eq. (16) 
The detailed explanations about the approximated PDF in (14) can be found in [23] . By substituting (14) into (13), the CDF expression, 
After some mathematical manipulations, 
The derived expression in (16) is substituted into (12) and then, the total CDF of the system is obtained as 
In order to find outage probability, we have to employ the threshold value, 
Numerical Examples
The results obtained using the proposed expression of dual-hop DF IDMA system with best relay selection scheme are presented in this section. Figs. 2 and 3 illustrate the outage probability of the considered system versus the average SNR for different Weibull parameters and different number of relays. In these example sets, we assume that the values of the cooperating user, spreading gain and specified rate ( ,, KL ) in eq. (6) are set to (16, 16, 1) . These figures show excellent agreement between the analytical results and simulation results especially from medium to high values of SNR. Significant observations can be reported from Figs. 2 and 3. As expected, the outage probability of the considered system is improved while both the fading parameter of the indirect links and the number of relay increase. As an example, it can be seen from Fig. 2 In Fig. 3 , we show the impact of the number of relays in the best relay selection on the outage probability of the dual-hop DF IDMA system with 
Conclusion
A new analytical expression for the CDF of a two-hop DF IDMA network with best relay selection has been derived. The proposed expression was employed to achieve the results for the outage performance of the considered wireless networks over Weibull environments. The impact of increasing the number of available users (relays) and fading parameter on the outage performance was investigated. It was also observed that simulation results verified the tightness of the derived expression at medium and high SNR values. 
